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Abstract.  Hydrophobic tropoelastin molecules aggre- 
gate in vitro in physiological conditions and form 
fibers very similar to natural ones (Bressan, G.  M., I. 
Pasquali Ronchetti, C. Fornieri, E  Mattioli, I. Castel- 
lani, and D. Volpin,  1986, J.  Ultrastruct.  Molec. 
Struct.  Res., 94:209-216).  Similar hydrophobic inter- 
actions might be operative in in vivo fibrogenesis. 
Data are presented suggesting that matrix glycosami- 
noglycans (GAGs) prevent spontaneous tropoelastin 
aggregation in vivo, at least up to the deamination of 
lysine residues on tropoelastin by matrix lysyl oxidase. 
Lysyl oxidase inhibitors beta-aminopropionitrile, 
aminoacetonitrile, semicarbazide, and isonicotinic acid 
hydrazide were given to newborn chicks, to chick em- 
bryos, and to newborn rats, and the ultrastructural al- 
terations of the aortic elastic fibers were analyzed and 
compared with the extent of the enzyme inhibition. 
When inhibition was >65 % all chemicals induced al- 
terations of elastic fibers in the form of lateral ag- 
gregates of elastin, which were always permeated by 
cytochemically and immunologically recognizable 
GAGs.  The number and size of the abnormal elastin/ 
GAGs aggregates were proportional to the extent of 
lysyl oxidase inhibition. The phenomenon was inde- 
pendent of the animal species. All data suggest that, 
upon inhibition of lysyl oxidase, matrix GAGs remain 
among elastin molecules during fibrogenesis by bind- 
ing to positively charged amino groups on elastin. 
Newly synthesized and secreted tropoelastin has the 
highest number of free epsilon amino groups, and, 
therefore, the highest capability of binding to GAGs. 
These polyanions, by virtue of their great hydration 
and dispersing power, could prevent random spontane- 
ous aggregation of hydrophobic tropoelastin in the ex- 
tracellular space. 
T 
ROPOELASTIN is  a  highly hydrophobic  polypeptide 
chain that is secreted  mainly by fibroblasts and smooth 
muscle cells (8, 29). In the extraceUular space tropo- 
elastin  molecules are deaminated on free epsilon  amino 
groups of lysine residues by the enzyme lysyt oxidase and 
cross-linked into the unsoluble polymer elastin through a se- 
ries of nonenzymatic steps  that lead to the formation of 
pyridinium rings linking two adjacent molecules (9, 25, 33). 
Isolated and purified tropoelastin molecules have been 
shown to exhibit a great tendency to aggregate in physiologi- 
cal solution and at temperatures in the physiological range, 
giving rise to supramolecular structures very similar to the 
natural polymer elastin (3, 4). The temperature-dependent 
spontaneous aggregation of tropoelastin in vitro has been at- 
tributed to its high hydrophobicity, and has been thought to 
play a role in elastin fibrogenesis in vivo (4, 7, 16, 22, 29). 
Actually, the mechanisms involved in elastin fibrogenesis in 
vivo are very likely more complicated.  Proteoglycans and 
glycoproteins of the extracellular matrix seem to be impli- 
cated in some phases of the process (15, 26, 35).  Growing 
elastin fibers are almost always surrounded by glycoprotein 
microfibrils,  which have been thought to be involved in the 
orientation of the fibers (6, 28).  Recently, it was suggested 
that matrix proteoglycans might play a role in elastin fibro- 
genesis (22). This hypothesis was mainly based on experi- 
ments showing that, upon inhibition of  lysyl oxidase by beta- 
aminopropionitrile fumarate (BAPN) 1  in vivo, aortic elastic 
fibers  grew by lateral  apposition  of roundish aggregates, 
which were always permeated by eytochemically  recogniz- 
able glycosaminoglycans (1, 21). It was suggested that trap- 
ping of glycosaminoglycans among elastin was induced by 
the persistence on elastin of positive lysine amino groups 
offering binding  sites for these negatively charged matrix 
macromolecules,  and that elastin/glycosaminoglycan associ- 
ation could be a normal event during elastin fibrogenesis, 
which might maintain tropoelastin in solution in the extracel- 
lular space, at least up to the deamination of lysine epsilon 
amino groups by lysyl oxidase (21, 22). 
The aim of the present work was to try to substantiate this 
hypothesis by analyzing (a) whether elastirdglycosaminogly- 
can interactions were specific to BAPN or could be the result 
of the inhibitory effect of the chemical on lysyl oxidase; (b) 
whether elastirdglycosaminoglycan association  could be in 
some way related to the amount of free epsilon amino groups 
1. Abbreviations used in this paper: AAN, aminoaeetonitrile hydrochloride; 
BAPN, beta-aminopropionitrile  fumarate;  INAH, isonicotinic acid hydra- 
zide; SCH, semicarbazide  hydrochloride. 
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for chicks  or could  have a  more  general  occurrence  and 
significance. 
For this purpose, a series of chemically different inhibitors 
of matrix lysyl oxidase were given to chicks and rats and the 
inhibitory efficiencies of the chemicals were compared with 
the ultrastructural modifications induced on the aortic elastin 
fibers, 
The results clearly indicated that (a) all inhibitors of lysyl 
oxidase induced the formation of identical abnormal elastin 
aggregates permeated by glycosaminoglycans;  (b) the phe- 
nomenon was directly related to the extent of inhibition of 
lysyl oxidase; and (c) the event was independent from the 
animal species. 
All  these  data  indicate  that  glycosaminoglycans  have 
rather  strong  affinity  for epsilon  amino  groups  of lysine 
residues  on  tropoelastin  and  support  the  hypothesis  that 
highly hydrated matrix polyanions might play a role in elastin 
fibrogenesis and prevent random tropoelastin aggregation in 
the extracellular  space. 
Materials and Methods 
Chemicals and Treatments 
Beta-aminopropionitrile  fumarate (BAPN), aminoacetonitrile  hydrochloride 
(AAN), semicarbazide hydrochloride  (SCH),  and isonicotinic acid hydra- 
zide (INAH) (all from Sigma Chemical Co., St. Louis,  MO) were used as 
inhibitors of matrix lysyl oxidase. 
Groups of 20 chicks each were given diets containing 0.01, 0.025, 0.04, 
0.05, 0.06, 0.08, and 0.1% wt/wt BAPN,  or 0.1% wt/wt AAN, or 0.1 and 
0.2% wt/wt SCH, or 0.1 and 0.2%  wt/wt 1NAH for 7 d after hatching.  On 
the eighth day all animals were  weighed  and killed by decapitation and 
aortas were quickly removed, measured, and processed for electron micro- 
scopical and biochemical studies. 
INAH was also injected into the yolk sac of chick embryos.  Treatments 
were performed by injection of 0.1 mi sterile Tyrode's solution containing 
7.4 mg INAH per egg on day 16 of incubation. In two experiments a second 
injection was given on day  18 of incubation. Controls were injected with 
the same amount of sterilized Tyrode's. 50 chick embryos were used for each 
experiment. In all cases embryos were killed and the aortas removed 2 d 
after the last injection. 
On the fourth day after delivery, breast-feeding  female rats were given 
drinking water containing 0.2, 0.4, 0,6, and 0.8 % wt/vol BAPN, or 0.2, 0.3, 
and 0.4%  wt/vol AAN, SCH, or INAH. The maximum concentration of 
the chemicals allowing  newborn rats to survive for up to 15 d was 0.4% 
BAPN, and 0.3% AAN, SCH, and INAH. In two experiments treatment 
with BAPN at the lowest concentration was prolonged for up to 3 wk. After 
15 d of treatment, offspring were weighed and killed by decapitation and 
aortas were quickly removed and processed for electron microscopy. 
Electron Microscopy 
A single cross section, 0.5 mm thick, from each thoracic aorta was cut at 
the same distance from cephalobrachiai  bra~hes in chickens  and from heart 
in rats, carefully measured by an optical magnifier, and fixed. Fixation was 
performed in 2.5% glutaraldehyde  (Fluka AG, Buchs, Switzerland)  in Ty- 
rode's  physiological  solution, pH Z2, containing 0.1% toluidine blue O 
(Merck, Darmstadt, Federal Republic of Germany) for the visualization of 
matrix glycosaminoglyeans  (1, 31). Fixation was prolonged for 24 h at room 
temperature,  and the specimens were washed in the same buffer containing 
0.05% toluidine blue O for •30  rain and postfized in 1% osmium tetroxide 
(Merck) in Tyrode's, pH 7.2, containing 0.05% toluidine blue O for 2 h at 
room temperature.  Samples were dehydrated in ethanol and propylene oxide 
and embedded in durcupan (Fluka AG). 
For immunocytochemical  studies,  a second cross section from the tho- 
racic aorta of each animal was fixed in 1% glutaraldehyde and 0.2% picric 
acid for 24 h at room temperature (17). The specimens were dehydrated in 
alcohol and propylene oxide and embedded in duroupan.  In all cases sec- 
tions were carefully oriented cross-radially  to the vessel. Thin sections were 
stained with uranyl acetate and lead citrate and observed in a Siemens EI- 
miskop IA and a Philips 400 T electron microscope,  or treated for immuno- 
cytochemistry  before being stained and observed. 
Immunocytochemistry 
Rabbit polyclonal  antibodies raised against chondroitinase ABC-digested 
bovine nasal cartilage proteoglyeans  were used to localize chondroitin sul- 
fate proteoglycans  in the aortas.  The antibodies were kindly furnished by 
Dr. A. Bertolotto (University  of Turin, Turin, Italy) and were characterized 
for their affinity to the unsaturated disaccharide unit attached to the core pro- 
tein after chondroitinase ABC digestion (2, 5).  The indirect immunogold 
procedure was used (34).  The proteoglycan-specific  antibodies were re- 
vealed by gold-labeled  goat anti-rabbit IgG serum (15 ran gold particles; 
Janssen Pharmaceutica, Beerse, Belgium).  The procedure used was as fol- 
lows.  Ultrathin sections  of both glutaraldehyde-fixed  postosmicated  and 
glntaraldehyde-picric acid-fixed unosmicated samples were collected on un- 
coated 200-mesh nickel grids, etched in 10% hydrogen peroxide for 10 min 
at room temperature,  and digested with chondroitinase ABC (E.C.4.2.2.4., 
from Proteus vulgaris; Sigma Chemical Co.), 0.1 U/ml in 0.05 M Tris-HCl, 
pH 8.0, for 16 h at 4~  After washing in distilled water and in 0.05 M Tris- 
buffered saline (TBS), pH 7.4, the grids were sequentially  incubated in (a) 
1/20 dilution of normal goat serum (Miles Laboratories, NaperviUe, IL) for 
30 rain at room temperature;  (b) 1/600 dilution of specific rabbit antiserum 
for 18 h at 4~  (c) 1/25  dilution of gold-laheled  goat anti-rabbit IgG serum 
for 1 h at room temperature.  Normal goat serum and specific rabbit antise- 
rum were diluted in TBS containing 0.2% BSA (Sigma Chemical Co.), pH 
7.4. Gold-labeled goat anti-rabbit serum was diluted in TBS containing 1% 
BSA, pH 8.2,  and the same buffer was used for washing after steps b and 
c.  Finally,  the grids were rinsed in TBS,  pH 7.4,  and in distilled water, 
stained with 3% uranyl acetate in 50% ethanol and with lead citrate,  and 
observed in the microscope. 
Lysyl Oxidase Assay 
The tritium release method described  by Pinnel and  Martin (25)  and 
modified  by Kagan et al. (11) was used. 
Briefly,  aorta extracts containing lysyl  oxidase  were  incubated with 
elastin-radiolabeled insoluble substrate and the amount of tritiated water 
produced by the enzymatic conversion of lysine residues to aminoadipic 
semialdehyde  was measured as an expression of the enzyme activity. 
Preparation of the Insoluble Substrate for 
Lysyl Oxidase 
Freshly dissected aortas from 17-d-old chick embryos were collected and, 
in order to remove the endogenous soluble lysine, were rinsed for 30 rain 
at  37~  in  Dulbecce's  and  Vogt's  modified  Eagle's  minimal essential 
medium,  lacking lysine,  flushed  with O2/CO~ (19:1), and supplemented 
with 50 ~tg/ml of ascorbic acid, benzyl penicillin, and streptomycin sulfate, 
respectively. 
The aortas were preincubated in stoppered Erienmeyer flasks for 60 rain 
at 37"C with gentle shaking at a ratio of 60 aortas for 20 rnl of medium sup- 
plemented with 80 txg/ml BAPN in order to specifically inhibit endogenous 
lysyl oxidase. Then, after addition of 25 I~Ci/ml of L-[4,5-3H]lysine hydro- 
chloride (Amersham Corp., Arlington Heights,  IL.),  the tissue was in- 
cubated in the same conditions for 24 h. After incubation the medium was 
Figure L  Tonaca media of thoracic aortas from 7-d-old chicks. (a) Control. Elastin (E) formed long and branched fibers immersed in the 
extracellular matrix. The great majority of multibranched electron opaque filaments in the matrix should represent glycosaminoglycans 
revealed by the cytochemical stain toluidine blue O  (arrows)  (1, 31).  (b and c) 0.1% BAPN in the diet for 7 d after hatching. Elastic fibers 
(E)  showed lateral  roundish appendices  of lathyritic elastin  (LE)  permeated  by  toluidine blue O-stained  glycosaminoglycans;  In  c 
glycosaminoglyeans were visualized by the immunogold technique using polyclonal antibodies against the unsaturated disaccharide products 
of chondroitinase ABC-digested cartilage proteoglycans (2, 5). (d) 0.1% AAN and (e) 0.1% SCH added to the diet for 7 d after hatching. 
Elastic fibers (E) exhibited alterations and glycosarninoglycans interactions (LE) identical to those already observed after BAPN treatment. 
The Journal of Cell Biology, Volume 105, 1987  1464 Fomieri et al. Lysyl Oxidase and Elastin/GAGs Interactions  1465 Figure 2. Tonaea media of thoracic aortas of (a) 7-d-old chick treated with 0.1% INAH added to the diet after hatching. (b) 18-d-old chick 
embryo after one injection of 7.4 mg INAH in 0.1 ml Tyrode's on day 16. INAH did not modify elastic fibers (E) when given to newborn 
chickens (a), whereas it induced alterations identical to those caused by all lysyl oxidase inhibitors when given to chick embryos (b). 
Glycosaminoglycans precipitates (arrows) were visible inside lathyritic elastin (LE) and in the matrix. 
poured off and the aortas were washed with bidistilled water, suspended  in 
a suitable volume of 0.1  M NaH2PO4, 0.15 M  NaC1, pH 7.4 (PBS),  and 
homogenized in a Polytron (type PT10; Kinematica GmBH, Luzern, Swit- 
zerland) apparatus in an ice bath. The homogenate was centrifuged at 17~00 g 
for 30 min at 4~  and the pellet suspended  in 0.1 M PBS,  homogenized 
again, and centrifuged  as above. The final pellet, containing mainly elastin 
and collagen, was suspended in 0.1 M PBS (five aortas per milliliter),  boiled 
for 10 min, and supplemented with 200 t~g/ml BAPN to inhibit endogenous 
lysyl oxidase, stored at -80~  in 3-ml vials, and used as insoluble substrate 
for lysyl oxidase assay. The radioactivity of  the substrate was checked before 
storing and before being used. The substrate was never stored for more than 
2mo. 
Preparation of  Lysyl Oxidase  Source 
Aortas from normal and treated chicks were quickly removed,  accurately 
cleaned from adherent tissues, pooled from at least 15 chicks,  frozen in liq- 
uid nitrogen, and pov~lered in a liquid nitrogen-cooled steel mortar,  The 
following procedures were performed at 40C. The aorta powder was added 
to 8 vol wt/vol of 4 M urea in 0.1 M Tris-HCl, pH 7.4, gently stirred for 
4 h, and then centrifuged at 17,000 g for 30 min. The supernatant was ex- 
haustively dialyzed against 0.1 M PBS overnight to remove urea, and used 
as a source of insoluble (or tightly bound to substrate in vivo) lysyl oxidase. 
Lysyl Oxidase  Assay 
Two-tenths of  a milliliter  of  suspension  of the insoluble substrate, containing 
,~200,000 cprn, previously dialyzed overnight against 0.1 M PBS at 4~  to 
remove BAPN, was mixed with 0.5 mi of the enzyme preparation extracted 
from aortas, and 0.3 ml of 0.1 M PBS in a stoppered test tube. The mixture 
was then incubated for 5 h at 37~  in a shaking bath. Each assay was done 
in triplicate.  It was assumed that any 3H release during the incubation of 
the enzyme-substrate mixture represented the enzyme-dependent conver- 
sion of [3H]lysyl to allysyl residues.  The reaction was terminated by adding 
0.1 rnl of 50% trichloroacetic acid.  30 gl of octanoi was added to each tube 
as an antifoaming agent. 
Tritiated water formed during the reaction was collected by vacuum dis- 
tillation and the radioactivity in 0.7 ml of the distillate was counted in 10 ml 
of liquid scintillant  (Dynagel, Baker Chem BV, Deventer, Holland) by using 
a counter (Tri-Carb 2425; Packard Instrument Co., Downer's Grove, IL). 
The enzyme-dependent release of tritiated water was  determined as the 
difference between tritiated water present in the incubation mixture and that 
present in the same mixture added to 100 I~g/ml  BAPN, which is an irrevers- 
ible and specific inhibitor of lysyl oxidase  (14). 
The aortic lysyl oxidase  activity of treated animals was expressed as a 
percentage of the activity in controls. As there was significant variation be- 
tween batches of elastin substrate prepared at different times, care was taken 
to perform each complete experiment using the same substrate preparation. 
Results 
As specified in Materials and Methods, the inhibitors were 
added to the diet and given to chicks for 7 d after hatching. 
Only concentrations of the chemicals that allowed chickens 
to survive up to that time were considered. Nevertheless, the 
animals' condition had deteriorated by the end of the experi- 
ments; their weight was reduced by 22% with 0.1% BAPN, 
30% with 0.1% AAN, 45% with 0.2% SCH, and 24% with 
0.1% INAH compared with age-matched controls (mean of 
three experiments).  Chicks showed leg dislocations,  bone 
deformities,  and  sometimes,  at  autopsy,  muscle  hemor- 
rhages. 
The mean areas of  aortic cross sections, measured on fresh 
specimens soon after removal, were also reduced; however, 
the ratios between body weight and aortic  cross-sectional 
area were the same as in controls, indicating an impairment 
of growth of aortic  tissue directly  related to that of body 
weight. 
The ultrastructural  appearance of the aortic elastin fibers 
upon  treatment  with the various chemicals  is reported  in 
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chicks formed long and branched fibers surrounded by a few 
electron-dense microfibrils  (Fig.  1 a).  Toluidine blue  O 
added to the fixatives reve~ed glycosaminoglycans  in the ex- 
tracellular  space  in the  form of multibranched electron- 
dense filaments (Fig. I a, arrows). 0.1% BAPN induced the 
elasdn fibers to grow by apposition of roundish aggregates 
of elastin lateral to the fibers; moreover, these aggregates 
were always permeated by cytochemicaUy (Fig. 1 b) and im- 
munologically (Fig. 1 c) recognizable glyeosaminoglycans. 
Identical features were observed upon treatment with 0.1% 
AAN (Fig. 1 d) or with 0.1% SCH (Fig. 1 e). INAH did not 
modify to an appreciable extent the ultrastructural appear- 
ante of aortic elastin fibers when given to newborn chicks 
(Fig. 2 a), whereas it induced alterations identical to those 
described for the other inhibitors when injected into the yolk 
sac of 16-d-old chick embryos (Fig. 2 b). 
Fig. 3 reports the extent of  inhibition of  aortic lysyl oxidase 
activity by the various chemicals at the highest concentra- 
tions that allowed chickens to survive for up to 7 d. The in- 
hibition was "o100% with BAPN, AAN, and SCH. INAH 
induced an inhibition not >65 % when administered to new- 
born chicks, and always >80% when injected into the yolk 
sac of 16-d-old chick embryos. 
To compare the extent of  inhibition of  lysyl  oxidase activity 
with the alterations of elasdn fibers, different concentrations 
of BAPN were given to chickens for 7 d after hatching. As 
shown in Fig. 4, the inhibition of aortic lysyl oxidase was 
directly related to the concentration of the drug in the diet. 
The ultrastructure of the elastic fibers of the aortic wall ap- 
peared normal with up to 0.025 % BAPN in the diet, corre- 
sponding to 62 % inhibition of lysyl oxidase activity, Then, 
by  increasing  the  concentration of the  chemical,  elastin 
fibers started to exhibit lateral appendices, whose number 
and size, as well as amount of associated glycosaminogly- 
cans, increased parallel to the increase of enzyme inhibition 
(Fig. 4). 
The alterations of aortic elastic fibers induced by inhibitors 
of extraceUular matrix lysyl oxidase were not specific to the 
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Figure 3. Percent inhibition of aortic lysyl oxidase activity induced 
by the various chemicals. The concentrations of the drugs, added 
to the diet for 7 d after hatching, were 0.1% BAPN and AAN, and 
0.2% sell. INAH was 0.2% when added to the diet (INAH c), and 
7.4 mg/egg  when injected into the yolk sac of  chick embryos (INAH 
e) (see Materials and Methods). Mean of  three experiments (+SD). 
(+) presence; (-) absence of glycosaminoglycans  within lathyritic 
elastin. 
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Figure 4. Effect of different concentrations of BAPN on lysyl oxi- 
dase activity of  chick aorta. The chemical was administered for 7 d 
after hatching. Mean of three experiments (+SD). The percent in- 
hibition of the enzyme activity was proportional to the amount of 
the chemical in the diet. The number and size of lateral appendices 
on elastin fibers as well as the amount of associated glycosamino- 
glycans were directly related to the extent of lysyl oxidase inhibition 
(plus signs at bottom). 
species. BAPN, AAN, SCH, and INAH given to newborn 
rats through their mother's milk induced the aortic elastin 
fibers of the offspring to grow by apposition of lateral appen- 
dices of elastin permeated by cytochemically recognizable 
glycosaminoglycans, identical to those observed in chicks 
(Fig. 5, a and b). Lysyl oxidase inhibition could not be mea- 
sured on rat aortas because we could not get enough tissue 
from each breeding to make confident evaluations of the en- 
zyme activity. 
Discussion 
The alterations of elastin fibers already described in BAPN- 
induced lathyrism in chickens (20, 21) were found to be inde- 
pendent of  the chemical nature of lysyl  oxidase inhibitors and 
of the animal species.  Moreover,  they were found to be 
directly related to the concentration of the chemical in the 
diet and to its inhibitory effect on lysyl oxidase activity. 
In previous reports, when describing the ultrastructural 
modifications  of aortic elastin fibers in chicks upon adminis- 
tradon of BAPN (22), we suggested that the strict association 
between lathyritic elastin and matrix glycosaminoglycans 
was due to the persistence of epsilon amino groups on elastin 
lysine residues offering positive charges for matrix polyan- 
ions. We also hypothesized that such electrostatic interac- 
tions could be normal events, active at least in certain tissues 
and in certain periods of intense elastin synthesis (12, 13), 
which would prevent newly synthesized tropoelastin mole- 
cules from spontaneous random aggregation far from grow- 
ing  elastic  fibers.  In  fact,  it  is  known that  tropoelastin 
secreted by cells is highly hydrophobic and has a great ten- 
dency to aggregate in vitro by increasing temperature up to 
physiological values (3, 4, 7). In vivo, such a behavior would 
lead to the formation of  numerous random elastin aggregates. 
The results of the present study seem to confirm the above 
mentioned hypothesis. Elastin/glycosaminoglycan associa- 
tion doesn't depend on the chemical nature of the inhibitor 
of lysyl oxidase  nor  on  its  inhibitory  mechanism  (29), 
Fornieri et al. Lysyl Oxidase and Elastin/GAGs Interactions  1467 Figure 5. Tonaca media of thoracic aortas of D-d-old rats. (a) Control.  Elastin (E) formed linear lameUae circular to the lumen. In the 
extracellular space glycosaminoglycans were present in the form of long filaments stained with toluidine blue O (arrows). (b) 0.3 % BAPN 
added to the drinking water of the rat mother (see Materials and Methods). The elastic fibers were deeply deformed by lateral appositions 
of lathyritic elastin (LE) permeated by toluidine blue O-stained glycosaminoglycans (arrows). 
whereas it is quantitatively related to the extent of the en- 
zyme inhibition. 
It is interesting to note that INAH did not induce severe 
inhibition of  lysyl oxidase; nor did it modify elastin fibrogen- 
esis in newborn chickens.  On the contrary, when given to 
chick embryos, it induced both severe lysyl oxidase inhibi- 
tion  and  elastin/glycosaminoglycan association,  as  did  all 
other  inhibitors.  The  different  behavior  in  embryos  and 
chicks very likely depends on the difference in animal metab- 
olism before and after birth (10).  However, for the purpose 
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elastin/glycosaminoglycan  association  is  the  result  of the 
persistence of free epsilon amino groups on elastin. 
It is also interesting to note that abnormal elastin fibers and 
elastin/glycosaminoglycan association were seen only when 
lysyl  oxidase activity  was markedly  inhibited.  In fact,  no 
modifications  of elastin  fibrogenesis  were  observed  upon 
treatment with low concentrations of lathyrogens, and in ev- 
ery instance the enzyme activity was <60% inhibited. Simi- 
lar results were previously obtained upon treatment of the 
same animal model with penicillamine,  which prevents des- 
mosine formation by binding to precursors of the final cross- 
links (18, 19, 32), and was shown to inhibit by 30-50%  the 
activity  of aortic  lysyl  oxidase  without  inducing  elastin/ 
glycosaminoglycan interactions (23). 
All these data strongly indicate that glycosaminoglycans 
are associated with elastin only when this molecule main- 
tains a relatively high number of positive charges. The most 
obvious conclusion is that, since newly secreted tropoelastin 
molecules retain the highest number of positive charges, they 
have the highest capability of associating with matrix polyan- 
ions. Therefore, elastin/glycosaminoglycan interaction should 
be a normal event during active tropoelastin synthesis and 
secretion. Such an interaction would very likely help in dis- 
persing tropoelastin molecules, thus preventing their sponta- 
neous hydrophobic self-aggregation far from growing elastin 
fibers. 
Whether these interactions are already operating inside the 
cell is under investigation. 
Finally,  the results of the present study seem to suggest 
that, independently of the animal species, alterations of aor- 
tic elastin fibers such as those described here could be con- 
sidered  good indices  of severe lysyl oxidase inhibition  or 
deficiency  (24, 27, 30). 
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